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XXVI. — -V otes on the Anatomy of some Scorpions , and its 
bearing on the Classification of the Order . By MALCOLM 
Laurie, D. Sc., B.A., F.R.S.E., F.L.S., Professor of 
Zoology in St. Mungo’s College, Glasgow. 

[Plate IX.] 

The classification of the Scorpions has been based hitherto 
entirely on external characters. While this method of 
procedure is the most convenient for museum purposes, 
where the preservation of the specimens intact is of import- 
ance, it is very apt to lead to a system of classification 
which does not express the true relationship of the forms. 
That the results are not wholly satisfactory may be seen 
by comparing the schemes proposed by Peters, Thorell, 
Simon, Kraepelin, and Pocock. To cite a single example, 
the members of section B of Thorell’s subfamily Pandinini 
are distributed under two families by Simon, while Pocock 
arranges them under two families which do not correspond 
with those of Simon, and one of which contains two sub- 
families. So far as I am aware the only attempt to apply 
the internal structure of this group to their classification is 
that of Ray Lankester *. He based his classification on two 
sets of organs — the abdominal nerve-ganglia and the lamellae 
of the lung-books. Owing to the small number of forms 
which he examined, his scheme, which divides the group into 
* Trans. Zool. Soc. vol. xi. p. 372. 
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two subfamilies and only three genera, is not altogether 
satisfactory; nevertheless, it was an attempt in the right 
direction, and one of his subfamilies agrees with the family of 
the Buthidse. 

Having a considerable number of Scorpions in my posses- 
sion, it seemed worth while to investigate further on the lines 
laid down by Professor Lankester, and see whether more 
definite and satisfactory results could be attained. The 
number of species at my command has, however, proved too 
small to base any final conclusions on, though some points of 
interest have come out. 

While I have examined every point which seemed in the 
smallest degree likely to yield any information, I only deal 
with three in the present paper. This is due to the other 
points, such as the entosternite, having given purely negative 
results. Two of the points I discuss are those dealt with by 
Bay Lankester, and, in addition, I have taken the female 
reproductive organs. My material having been collected origi- 
nally with a view to embryological work, the number of males 
was too small to give any results. 

For my material I am indebted to Professor E. L. Mark, 
of Harvard University, Mr. S. F. Harmer, Cambridge, 
Mr. Peringuey, of the Cape Town Museum, Professor Thom- 
son, of Stellenbosch, and Mr. B. I. Pocock, of the British 
Museum. I gladly take this opportunity of tendering my 
sincerest thanks to all these gentlemen. For the correct 
identification of my specimens — a point of importance for 
this work — I am further indebted to Mr. Pocock. 

In so far as any classificatory terms are used without 
specifying in whose sense, they are taken from Mr. Pocock ’s 
classification 

In conclusion, I may say that I would be very grateful for 
further specimens to enable me to continue this research. 


I. The Nervous System . 

The nerve-cord in the meso- and metasomatic segments, 
with which alone we have to do, consists of a pair of longi- 
tudinal cords bearing ganglia at intervals. These ganglia 
(PI. IX. fig. 1) are seven in number and give off nerves on 
each side to the segments to which they belong. A median 
nerve has been described by Dufour f and Lankester J passing 

* Ann. & Mag. Nat. Hist. ser. 6, vol. xii. p. 303. 

+ Dufour, “ Hist. Anat. et Physiol ogiquo de Scorpions/’ M&n. pr6s. 
a l’Acad. d. Sci. vol. xiv. (1836). 

X Lankester, “ Position of Ganglia &c. in Scorpions/’ Troc. lloy. Soc. 
1882. 
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in a ventral direction from eacli ganglion. I have not found 
this nerve in any of the forms I have dissected, and it seems 
to me probable that previous observers have been misled by a 
blood-vessel which passes ventrally between the two cords 
close to each ganglion from the longitudinal vessel overlying 
the nerve-cord. It is not easy to separate this vessel from 
the ganglion, but microscopic examination makes its nature 
evident. 

The most important part of the nerve-cord is that lying in 
the mesosomatic and first metasomatic segments. Three pairs 
of ganglia are present on this portion, and, according to 
Lankester, their arrangement differs markedly in different 
forms. In Androctonus {Prio nurus) funestus Androctonus 
occitanus * * * § f, Androctonus americanus and Androctonus liotten- 
totus § the first two of these ganglia supply respectively the 
third and fourth pairs of lung-books (eleventh and twelfth 
segments), the third ganglion supplying the first meta- 
somatic segment. The segments anterior to the eleventh are 
innervated from the prosomatic ganglion-mass. In Scorpio 
italicus ||, Scorpio cy emeus ^], Brotheas subnitens ** , and two 
species of Telegonini ft, on the other hand, the first two 
ganglia supply the second and third lung-books respectively, 
while the fourth pair is supplied by the third ganglion. In 
these, therefore, the prosomatic ganglion supplies only the 
segments as far back as the first pair of lung-books (seg- 
ment 9). 

In view of the great morphological importance of these 
differences, I have devoted special attention to the point, and 
have carefully dissected the nervous system in the following 
forms: — Scorpio fulvipes, OpisthopJithalmus capensis, Palam - 
nceus Thor ell ii j Opisthocentrus madagascariensis , Opistho- 
centrus valid us, Hormurus australasice, Vejovis sp., Euscorpius 
italicus, Broteochactas ddicatus , Bothriurus bonariensis , 
Buthus nigrolineatus , Parabuthus capensis , Uroplectes trian- 
gulifer , and Centrurus , sp. 

The conclusion I have arrived at is as follows : — The first 
ganglion may vary in position between the level of the second 

* Prionurus hector (Koch). 

t Buthus turopccus (Linn.). 

X Probably Centrums (jracilis (Latr.). 

§ Parabuthus , sp. 

|| Euscorpius italicus (Ilerbst). 

^1 Scoipio megacephalus (Koch). 

** Teuthraustes atramentarius (Sim.). 

tt Caraboctonus Keyserlingii (Poc.), from Coquimbo, and Cercophonius 
squama (Gerv.), from Tasmania. For these synonyms I am indebted to 
Mr. Pocock. 
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pair of lung-books (tenth segment ) } as in Parabuthus (fig. 1), 
and a position forward in the second free segment, as in Scorjno 
fulvipes (fig. 3). In Vtjovis it is even further forward. 

The nerve from it, however, passes always behind the 
dorso-ventral muscle of the fourth mesosomatic (tenth) seg- 
ment. About the level of this muscle it divides into two 
branches, of which the anterior runs out to the body-wall, 
while the posterior runs back to the lung-book in the fifth 
mesosomatic (eleventh) segment. 

The second ganglion may lie in the sixth mesosomatic 
(twelfth) segment, as in Parabuthus (fig. 1), or it may lie 
forward towards the front of the fifth mesosomatic (eleventh) 
segment, as in Palamnceus (fig. 2) and Vejovis . The 
nerve from it runs behind the dorso-ventral muscle of the 
fifth mesosomatic (eleventh) segment, and in front of that of 
the twelfth segment, divides into two, and the posterior branch 
goes to the last lung-book. 

The third ganglion may lie well back in the first in eta- 
somatic (thirteenth) segment, as in Scorpio (fig. 3), or forward 
in the last mesosomatic (twelfth) segment, as in Palamnceus 
(fig. 2). The nerve from it runs either backward or forward, 
according to the position of the ganglion and of the dorso- 
ventral muscle of this segment, in front of whieh it passes. 

I have never been able to trace it to the last pair ot lung- 
books, but it always goes to the muscles of the segment 
(thirteenth) to which it belongs. It does not divide into two 
branches as those in front of it do. 

The four ganglia behind this supply each one of the meta- 
somatie segments except the last ganglion, whieh innervates 
the last two segments and the telson. 

The nerves from the prosomatie ganglion to the first and 
second lung-books have a course much like the nerves from 
the first two ganglia. They pass respectively behind the 
dorso-ventral muscles of the second mesosomatic (eighth) and 
third mesosomatic (ninth) segments. Each divides into two 
branches — an anterior body-wall branch and a posterior 
branch to the lung-books. 

In Opisthophthalmus and probably in others, a fine nerve 
runs longitudinally down the mesosoma on each side (fig. 4, 
l.n.). It passes in each case under the body-wall branch of 
the nerve and over the lung-book branch. It is connected 
with each of the segmental nerves by a fine branch arising 
from the nerve before it dividesinto two branches (segment 10), 
from the body-wall branch alter the division (segment 11), 
or from the point of division of the nerve (segment 12). I 
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have as yet failed to trace this longitudinal nerve to its 
termination at either end. 

Examination of the nerve-cord shows, then, that we can 
get no aid from it in classifying the Scorpions. The position 
of the ganglia seems to vary quite independently of the 
relations of the species to one another, as may be seen by 
comparison of the figures, such unquestionably nearly allied 
forms as Scorpio (fig. 3) and Palamncens (fig. 2) showing 
great differences. On the other hand, the segments supplied 
by each ganglion remain the same throughout. The position 
of the ganglia might serve as a generic character, but is of no 
greater value. 

The varying position of the dorso- ventral muscle of the 
first mctasomatic (thirteenth) segment might also be useful 
as a generic character, but here also we get considerable 
differences in closely allied forms. 

II. The Reproductive Organs . 

As nearly all my material was procured with the idea of 
further elucidating the embryology of these forms, I have not 
had much opportunity of examining the male organs, and 
will therefore postpone any account of them to some future 
time. The general anatomy of the female organs is suffi- 
ciently well known, and the only point of importance in which 
the various forms differ is that of the structure of the egg, 
and, in relation to this, the mode of formation of the embryo. 
The two types of development have been described in detail 
elsewhere, and seem to me to constitute a difference of very 
considerable morphological importance. 

In the first type of development * the egg is of consider- 
able size, and contains a large quantity of yolk (fig. 7). It 
passes at an early stage out of the follicle in which it is 
formed and fertilized into the ovarian tube (fig. 8), in the 
cavity of which it undergoes the greater part of its develop- 
ment. Two embryonic membranes are formed round the 
embryo, and it appears to depend entirely on the yolk for 
nourishment. This type occurs in all the JButhkke ( Buthus , 
ParabuthuSy Uroplectes , CentruruSy Androctonus) which I 
have examined, and also in Broteochactasy Bothriurusy Euscor- 
piusy and Vejovis. It is probably the more primitive mode 
of development, agreeing as it does in many respects with 
other Arachnids. The egg of Vejovis is much smaller in 

* V. Brauer, Zeitsclir. wiss. Zool. vol. lvii. ; Laurie, Quart. Journ. 
Micr. Sci. vol. xxxi., &c. 
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proportion than that of the other forms. In the one specimen 
in my possession which contains partially developed embryos 
there appears to be very little, if any, yolk. The embryos 
develop in the ovarian tube, however, as in Euscorpius. 

In the other type of development * the egg is very minute and 
contains no yolk. It is placed (fig. 6) at the distal end of a large 
diverticulum of the ovarian tube, and the embryo as it grows 
extends down and occupies the cavity of the diverticulum. 
There appear to be no embryonic membranes, and the embryo 
is nourished by consuming a solid cord of cells which ter- 
minates the diverticulum. This type of development I have 
found in Scoipio , Heterometrus , Palamnceus , Opisthophthalmus , 
Opisthocentrus , and Hormurus. Thus, so far as my observa- 
tions go, it is characteristic of the family Scorpionidm, but 
I have not had specimens from the subfamilies Diplocentrini, 
Hemiscorpiini, or Urodacini. This is the more to be re- 
gretted as we shall see that there is some reason to doubt the 
close alliance of, at all events, the Diplocentrini with the other 
Scorpionidge. 

An additional mode of nourishment of the embryo in the 
form of two outgrowths from the head, which probably absorb 
fluid from the surrounding tissues, occurs in Opisthoph - 
tlialmus j*. 

A structure which I have not seen fully described, and the 
function of which is unknown to me, occurs in all the 
Scorpionidas and Ischnuridge which I have examined, but 
seems to be wanting in the Buthidas. It consists of a pair of 
hollow cylindrical processes projecting back into the abdomen 
from the posterior side of the diaphragm between the pro- 
soma and the mesosoma. In sections it is seen to be com- 
posed of two layers of cells separated by a thick non-cellular 
layer. The outer cell-layer appears to be continuous with 
the diaphragm, while the inner one comes into close con- 
nexion with the capsule of flattened cells surrounding the coxal 
gland. It is possible that the cavity of this diverticulum is 
in communication with the lumen of the coxal gland, in which 
case it is a portion of the coelome. I have not been able to 
satisfy myself on this point, however. 

III. The Lung-hooks . 

These are more available for systematic purposes than the 
preceding structures, as it is possible, by making an incision 

* Laurie, “ Development of Scorpio fulvipes” Quart. Journ. Micr. Sci. 
vol. xxxii. 

t Laurie, Proc. Roy. Phys. Soc. Edinburgh, 1895-96. 
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between two of the sternites, to extract the lung-book without 
injury to the external appearance of the specimen. Treat- 
ment for fifteen minutes with hot dilute caustic soda makes 
the structure more distinct by removing the organic matter. 
The anatomy of these structures is sufficiently well known, 
and, as it seems to be constant throughout the group, need 
not concern us here. The shape of the lamellm varies too 
much in the different parts of the lung-book to be of any 
service. Lankester * used the surface-markings of the 
lamellai in his classification, and distinguishes two types. 
In one of these the whole of the upper surface of each 
lamella is covered with small pillar-like structures, which 
serve to maintain a space for the air between each pair 
of lamellae. Berteaux j* has shown that these rods or pillars 
are in Scorpio indicus of two kinds. Those round the 
margin of attachment are smaller than the others, and their 
upper ends fuse to the lower surface of the lamella above. 
The larger pillars which occupy the centre and free border of 
the lamellae do not fuse to the superjacent lamella, but fre- 
quently divide at the top, and may form arcades by uniting 
with adjoining pillars. These two regions of the lamella are 
usually quite distinct from each other and easily made out. 

In Euscorpius jiavicaudis according to Berteaux the rods 
nowhere unite with the adjoining lamellae. The two areas on 
the surface of the lamella are nevertheless quite distinct, at 
all events, in Euscorpius italicus . 

In the second type of lamella the area occupied in the first 
type by the larger pillars is covered by a network of chitinous 
ridges, the meshes of which are subdivided by smaller ridges. 
Pillars are entirely wanting over this region, but towards the 
sides they begin to appear among the ridges, and finally 
replace the ridges entirely. 

Berteaux has described a further difference in various 
forms in the structure of the free edge of the lamella. In 
lamellm of the first type the edge may be furnished with 
sharp spines (fig. 9), a condition which he describes in 
Scorpio , or the spines may divide at their free ends, and, 
uniting with each other, form a regular arcade (fig. 10), an 
arrangement which occurs in Euscorpius . 

In the second type the network of ridges is present on 
both surfaces of the lamella, the larger ridges being con- 
tinuous over the edge, and the edges are devoid of spines 
(fig. 11). 

* Loc. cit. p. 378. 

t Berteaux, ‘ Le Poumon d. Arachnides/ u La Cellule," vol. v. 
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We have thus three types of structure for the lamella, 
which we may term the spinous, arcade, and reticulate forms. 

The spinous type occurs in Scorpio, Ileterometrus, Opisth- 
ophthalmus, Palamnceus, Opisthocentrus, Ilormurus, and 
Urodacus among the Scorpion i d ® ; in Scorpiops, Vejovis , 
Iladrurus, and llroteochactas among the lurid® ; and in the 
only member of the Bothriuridse which I have seen, namely 
Bothriurus. From its wide range this type of lamella is 
probably the most primitive. 

The arcade type occurs in Diplocentrus and Nebo among 
the Scorpionidie, and in Inrun , Caraboctonus , and Euscorpius 
among the Iurida3. 

The reticulate type occurs in Buthus , Parobuthus, Uro- 
plectes , and Centrums , all belonging to the Buthidre. 

The morphological value of the lamella is probably less 
than that of the development. 

The following table summarizes the two sets of facts and 
gives a list of the species I have examined : — 


Scorpio fulvipes (C. Koch) 

Ileterometrus, sp 

Opisthophthalmus capensis (Ilerbst) .... 

Palamnceus Thorelln (Poe.). . 

Opisthocentrus madagascariensis (Kraep.) 

Opisthocentrus validus (Thor.) 

Hormurus australasice (Fabr.) 

Urodacus novce-hollandice (Pet.) 

Scorpiops Hardivickii (Gerv.) 

Vejovis , sp. ined 

Hadrurus hirsutus (Wood) 

Broteochactas delicatus (Karsch) 

Bothriurus bonaviensis (Koch) 

Diplocentrus Jl hitei (Gerv.) 

Nebojlaripes (Sim.) 

lurus Dufoureius (Bridle) 

Caraboctonus Key set' ling ii (Poc.) 

Euscorpius italicus (Ilerbst) 

Buthus nigrolineatus (Dufour) 

Parabuthus capensis (Gerv.) 

Uroplectes triangulifer (Thor.) ....... 

Centrums gracilis (Latr.) 


Development, Lung-books. 
Scorpio type. Spinous. 


Scorpio type, 
p 


Euscorpius type. 


p 

p 

? 

p 


Euscorpius type. 


Arcade. 


Reticulate. 


The number of forms examined is far too small to base 
deductions on with any certainty, and to classify on the 
ground of these two structures alone would be almost certain 
to lead to a wrong conclusion. The results seem, however, 
to suggest the following rearrangement : — 
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(1) Scorpio , lleterometrus , Opisthophthalmus, Palamnceus , 

Opisthccentrus , and Tlormurus remain associated as 
one group on the ground of their embryology. 

All the rest have the Euscorpius type of develop- 
ment, and can be divided by their lung-books. 

(2) A second group is formed by Scorpiops, Vejovis, Ila- 

drurns , Broteochactas , and BotJiriurus, which have 
u spinous” lung-books. Vejovis may have to be 
isolated on account of the difference in development. 

(3) DijAocentrus , Nelo, hints, and Euscorpius agree in 

having the arcade type of lung-book. 

(4) Buthus, Parabuthus , Uroplectes , and Centrums have 

the reticulate type. 

The first and last of these groups are in perfect accord, so 
far as they go, with Pocock’s classification ; the others agree 
less perfectly. The separation of Euscorpius from Broteo- 
chactas is not improbable, and gets over the difficulty of the 
geographical distribution of the Chactini ; but the association 
of it with Turus , and still more with Diplocentrus and Nebo , 
is less plausible, and it is much to be regretted that 1 have 
had no opportunity of examining the ovaries of these last two 
genera. 

The bringing together of JBothriurus and Iladrurus is not 
unnatural. Pocock says of theBothriurid^e: — u The Scorpions 
of this group seem to be little more than an exaggeration of 
some of the American members of the Iurini, for some of them 
show many points of resemblance to Caraboctonus and Ha - 
drums.” Unfortunately the two forms here named do not, 
according to the lung-books, seem to be closely related. 

Kraepelin’s * classification needs less alteration, inasmuch 
as he unites the Iuridge and Scorpionidas of Pocock as one 
family. His subfamilies are practically the same. 

How far these internal characters will agree with the ex- 
ternal ones when these last are re-examined is a question 
which I think it better to leave to those who have had 
experience in discriminating the minute points of external 
difference. 


EXPLANATION OF PLATE IX. 

Figs . 1-5. The abdominal nervous system. 

Fig. 1. Parabuthus capensis, X -f. 

Fig. 2. Palamnceus Thorellii , nat. size. 


* Jahrb. Ilamb. Wissen. Anstalten, xi. 1. 
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Fig. 3. Scorpio fnlvipes, nat. size. 

Fig . 4. Opisthophthalmus cajjensis , X -f. l.n., longitudinal nerve. 

Fig. 5. Uroplectes triangulifer , X F 
Fig. 6 . Portion of ovary of Scorpio fulvipes. 

Fig. 7. Portion of ovary of Fuscorpius italicus , with unfertilized eggs. 
Fig. 8. Portion of the same, with embryos in the ovarian tube. 

Fig. 9. Portion of edge of lung-book lamella of Vejovis , sp. (spinous 
type). 

Fig. 10. The same of Fuscorpius italicus (arcade type). 

Fig. 11. The same of Buthus nigrolmeatus (reticulate type). 


XX VII. — A Revision of the British Jurassic Bryozoa . — 

Part V. The Families Idmoniidse and Entalophoridte. 
By J. W. Gkegoky, D.Sc., F.G.S. 

[Continued from p. 155.] 

Family Idmoniidae. 

Diagnosis . — Cyclostomata Tubulata in which the zooeeia 
are simple open tubes and grow into adnate or erect brandling 
zoaria. The zoarium is branched and the zooeeia open only 
on one side of it. The apertures are arranged in regular 
transverse series, usually alternately arranged. 

Genus Idmonea, Lamonroux, 1821. 

Diagnosis. — Zoarium adnate or erect. Branches ridged or 
triangular in section. Zooeeia in regular, transverse, and 
usually alternate series. The zoarium is branched and the 
branches usually radiate from a centre. The branches some- 
times anastomose. 

Type species: Idmonea triquetra, Lamx. 1821. 

1. Idmonea triquetra , Lamouroux, 1821. 

Idmonea triquetra , Lamouroux, 1821, Expos, meth. p. 80, pi. lxxix. 
figs. 13-15. 

Non Idmonea triquetra , Walford, 1889, Bry. Shipton, Part L, Quart. 
Journ. Geol. Soc. vol. xlv. pp. 568, 569, pi. xviii. fig. 13, pi. xix. 
figs. 3, 4. 

Reptotubigera triquetra , d'Orbigny, 1852, Pal. fran<?., Terr. erdt. t. v. 
p. 751. 

Idmonea gracilis, d’Orbigry, 1849, Prod. Pal. t. i. p. 317. 

Diagnosis . — Zoarium composed of triangular branches, 
beside* each of which is a thin flat selvage. The branches 
dichotomize repeatedly. 


